Relatively monodisperse and highly luminescent Mn 2+ -doped zinc blende ZnSe nanocrystals were synthesized in aqueous solution at 100°C using the nucleation-doping strategy. The effects of the experimental conditions and of the ligand on the synthesis of nanocrystals were investigated systematically. It was found that there were significant effects of molar ratio of precursors and heating time on the optical properties of ZnSe:Mn nanocrystals. Using 3-mercaptopropionic acid as capping ligand afforded 3.1 nm wide ZnSe:Mn QDs with very low surface defect density and which exhibited the Mn 2+ -related orange luminescence. The post-preparative introduction of a ZnS shell at the surface of the Mn 2+ -doped ZnSe QDs improved their photoluminescence properties, resulting in stronger emission.
Introduction
Semiconductor nanocrystals or quantum dots (QDs) have become one of the most attractive areas of current research because of their tremendous potential applications in photonic devices, biological detection and labelling and imaging. [1] [2] [3] [4] [5] [6] The wide interest in QDs arises from their unique optical and electrical properties, including broad absorption and narrow emission spectra, large extinction coefficients, resistance to photobleaching, long fluorescence lifetime, and size-tunable emission. [7] [8] [9] Moreover, QDs with different emission colors can be simultaneously excited with a single light source, with minimal spectral overlap, thus providing significant advantages for multiplexed detection of molecular targets.
4
hydrophilic ligands, such as thioacids, and subsequent transfer of QDs from oil to aqueous solution can significantly reduce the photoluminescence quantum yield (PL QY) of the nanocrystals. 2 Direct synthesis of thiol-capped QDs in water is a promising alternative route to organometallic reactions and offers the following advantages: (1) it uses less toxic reagents, (2) it is cheaper and simpler, (3) it uses lower reaction temperatures (100°C) to obtain QDs with comparable PL QY and size-tunable fluorescence, (4) the surface functionalization with water-soluble ligands occurs during the synthesis, and (5) the QDs obtained have a small diameter, which is suitable for biological applications. Recent studies have demonstrated that good quality ZnSe QDs can be prepared in water either under hydrothermal conditions [34] [35] [36] [37] [38] [39] or under microwave irradiation 40 by reaction of a Zn(+2) salt with NaHSe, generally in the presence of a thioalkyl acid stabilizer. Using a mixture of the dopant and of the host precursor during the nucleation step (also called nucleation-doping strategy), Wang et al. succeeded recently in the preparation of Mn 2+ -doped ZnSe QDs with a PL QY of 2.4%, which represents the first direct synthesis of fluorescent Mn 2+ -doped ZnSe QDs in aqueous solution. 41 In the present study, we report an alternative aqueous route to prepare ZnSe:Mn QDs stabilized by 3-mercaptopropionic acid (MPA). The trap state emission at 480 nm of the d-dots obtained was found to be very weak and could completely be suppressed by passivating the Mn-doped ZnSe core material with the wider band gap shell material ZnS. Using this strategy, MPA-capped core/shell ZnSe:Mn/ZnS nanocrystals with PL QYs up to 9% in water at neutral pH could be readily prepared. where F, A and n are the measured fluorescence (area under the emission peak), absorbance at the excitation wavelength and refractive index of the solvent respectively. PL spectra were spectrally corrected and quantum yields were determined relative to Rhodamine 6G (QY = 94%). 43 The fluorescence lifetimes were measured by a FluoroMax-4 spectrofluorometer (Jobin Yvon) using a NanoLED emitting at 372 nm as an excitation source with a nanoled controller module, Fluorohub from IBH, operating at 1 MHz. The detection was based on an R928P type photomultiplier from Hamamatsu.
Experimental Section
Fourier transform infrared spectroscopy (FT-IR) was performed using a Brucker Vector 22 spectrometer. 
